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胞系 T24 中利用 siRNA 特异性下调 JMJD1A，发现细胞增殖受到显著抑制。随
后我们利用膀胱癌细胞系 T24 和 5637 建立了 JMJD1A 稳定敲低的细胞株，得到
了一致的结果，并且发现 JMJD1A 稳定敲低的细胞株克隆形成受阻。于是我们得
出 JMJD1A 在膀胱癌细胞系中调控细胞生长的结论。接下来，通过对 GEO 数据
库中一组膀胱癌样本的转录组数据分析，发现 JMJD1A 与 HIF-1α 的靶基因血管
内皮生长因子 (vascular endothelial growth factor, VEGF)和磷酸甘油酸激酶
Phosphoglycerate kinase1, PGK1)达呈正相关性。于是我们推测 JMJD1A 可能协同
HIF-1α 作用于其靶基因。利用双荧光素酶报告基因实验证实 JMJD1A 可以协同
HIF-1α 促进糖酵解通路中 PGK1 的表达。采用免疫共沉淀的方法，我们发现
JMJD1A 蛋白在细胞内可以与 HIF-1α 蛋白特异性结合。随后我们对 JMJD1A 在
膀胱癌细胞系糖酵解中的功能进行初步探究。综上所述，我们的研究证明





























JMJD1A（Jumonji C domain-containing 1A）, also known as JHDM2A, KDM3A, 
is one of the histone demethylases, which plays a crucial role in histone modifications 
by specifically removing methyl group from mono-(me1) or di-(me2) methylated 
lysine 9 residues of modified H3 tails. JMJD1A is upregulated by HIF-1α, a 
hypoxia-inducible factor, meanwhile, JMJD1A participates in the pathway by which 
tumor cells adapt to hypoxic stress. 
Urinary Bladder Cancer(UBC), a type of solid tumor, is one of the most frequent 
malignant tumors worldwide with high morbidity and lethality. As has been reported, 
JMJD1A is highly expressed in UBC, yet little is known regarding mechanism of 
JMJD1A in UBC tumorigenesis. In this study, we concentrated on functional 
mechanism of JMJD1A during the tumorigenesis of UBC. Firstly, we utilized siRNA 
to specifically knock down JMJD1A in T24 cells and found that cell proliferation was 
dramatically inhibited by JMJD1A silencing. Moreover, JMJD1A stable knockdown 
cell lines were established, in which the same phenotype was observed. Subsequently 
shJMJD1A cell lines were subject to colony formation assay and the results indicated 
that hypo-expression in cancer cells severely disrupted their colony-forming 
capability. We draw a conclusion that JMJD1A is required for UBC cells proliferation. 
Based on GEO database, further in silico analysis of UBC specimens revealed a 
positive correlation between JMJD1A and VEGF (vascular endothelial growth factor) 
or PGK1 (Phosphoglycerate kinase1), which evoked a speculation that JMJD1A 
probably participates in aerobic glycosis in cancer cells. Using dual-luciferase reporter 
system, we proved that JMJD1A could promote PGK1 expression synergistically with 
HIF-1α. In Co-IP system, our furtherstudy on the mechanisms underlying this 
phenomenon revealed a interaction between JMJD1A and HIF1-α. Next the functional 















this study. All the results lead to a hypothetic paradigm that JMJD1A interacts with 
HIF-1α. Thereinto, they act synergisitically to activate target genes downstream of 
HIF-1α. 
 
















1.1  组蛋白甲基化与 JmjC 家族 










录因子与 DNA 序列的结合，从而调控基因表达。 
以往针对组蛋白乙酰化研究较多[3]，近十年，由于组蛋白甲基转移酶酶和去
甲基化酶的发现，针对组蛋白甲基化的研究日益增多[4]。 
1.1.2  组蛋白甲基化与去甲基化 
组蛋白的甲基化是指发生在 H3 和 H4 组蛋白 N 端精氨酸和赖氨酸残基的甲
基化，由组蛋白甲基转移酶介导催化。组蛋白甲基化与异染色质形成[5]，遗传印
记[6]，X 染色体的失活[7]和转录调控[8]等生物进程密切相关。目前发现 24 个组蛋





















用于 H3K9me2/me1 [10]；另一类均含有特征结构域 JmjC[11]，催化反应需要 Fe（Ⅱ）
和 α-酮戊二酸（α-ketoglutarate，α-KG）参与，可以催化三种不同的甲基化状态。 

















图 1.1 JmjC去甲基化酶家族催化去除赖氨酸一甲基化的机制[11] 















1.1.4  JMJD1A 结构特征与生物学功能 

















































体内和体外实验均证实JMJD1A可与转录因子ER71 (ETS related 71)相互作用，参







α(peroxisome proliferator activated receptor alpha, PPARα)启动子上游的甲基化水
平，从而减少了β-氧化和甘油释放[32]，另一方面还减弱了褐色脂肪组织中解偶联


























1.2  HIF 信号通路与 Warburg 效应 
1.2.1  HIF 信号通路 
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